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(54) Ultrasound diagnostic apparatus 

(57) An ultrasound diagnostic apparatus includes a 
transmitting device having an ultrasound probe. The 
transmitting device operates for transmitting a ultra- 
sound pulse beam from the ultrasound probe into a 
body. A receiving device includes the ultrasound probe. 
The receiving device operates for receiving an ultra- 
sound echo beam caused in the body, and converting 
the received ultrasound echo beam into a correspond- 
ing electric echo signal via the ultrasound probe. A 
delay controlling device is operative for controlling an 
acoustic line direction of transmission and reception of 
the ultrasound pulse beam and the ultrasound echo 
beam. A phase detection device is operative for subject- 
ing the electric echo signal to phase detection to gener- 
ate a phase-detection result signal. A tissue velocity 
calculating device operates for calculating a velocity of a 
tissue in the body from the phase-detection result sig- 
nal. A display device is operative for indicating the cal- 
culated velocity of the tissue. The delay controlling 
device is operative for changing the acoustic line direc- 
tion of transmission and reception of the ultrasound 
pulse beam and the ultrasound echo beam with respect 
to a same object. 
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Description 

BACKGROUND OF THE INVENTION 
Fjeld of the Invention 

[0001] This invention relates to an ultrasound diag- 
nostic apparatus designed to detect the velocity of an 
organ or a tissue in a body. 

Description of the Related Art 

[0002] General-purpose ultrasound diagnostic 
apparatuses can operate in any one of different modes 
such as a B mode, an M mode, an FFT Doppler mode, 
and a color Doppler mode. In some cases, a diagnosis 
on arteriosclerosis is based on an ultrasound diagnosis 
on a carotid artery which uses a general-purpose ultra- 
sound diagnostic apparatus. Specifically, the ultrasound 
diagnosis is implemented by using shape information 
generated by the B mode and the M mode of operation 
of the apparatus, and blood velocity information pro- 
vided by the FFT Doppler mode or the color Doppler 
mode of operation of the apparatus. 
[0003] When the general-purpose ultrasound diag- 
nostic apparatus operates in the B mode, the inside 
diameter of a blood vessel, the thickness of a blood ves- 
sel wall, and the conditions of a morbid protuberance 
can be evaluated from information provided by the 
apparatus. When the general-purpose ultrasound diag- 
nostic apparatus operates in the M mode, a time- 
domain change of a blood vessel diameter in response 
to a heartbeat can be evaluated from information pro- 
vided by the apparatus. When the general-purpose 
ultrasound diagnostic apparatus operates in the FFT 
Doppler mode or the color Doppler mode, the rate of a 
blood flow in a blood-vessel strangulated portion 
caused by a morbid protuberance can be evaluated 
from information provided by the apparatus. 
[0004] As previously mentioned, the conditions of a 
morbid protuberance can be evaluated by using the B 
mode of operation of the general-purpose ultrasound 
diagnostic apparatus. Specifically, the presence and the 
size of the morbid protuberance are observed via the 
apparatus. In addition, the brightnesses in an ultra- 
sound-echo-based image (a B mode image or a sec- 
tional image) displayed on a monitor of the apparatus 
are observed. The conditions of the morbid protuber- 
ance are judged from the size information and the 
brightness information. 

[0005] Generally, a morbid protuberance caused by 
a thrombus is indicated as an image portion having a 
low brightness. Therefore, in some cases, such a mor- 
bid protuberance fails to be found by using the B mode 
of operation of the general-purpose ultrasound diagnos- 
tic apparatus. 

[0006] As previously mentioned, the conditions of a 
morbid protuberance are judged from size information 



and brightness information during the B mode of opera- 
tion of the general-purpose ultrasound diagnostic appa- 
ratus. Since the brightness information is used, it is 
difficult to quantitatively evaluate the conditions of the 
morbid protuberance. 

[0007] Japanese published unexamined patent 
application 9-313485 discloses an ultrasound appara- 
tus for diagnosing the conditions of a tissue in a body 
which uses tissue Doppler imaging. The apparatus in 
Japanese application 9-313485 measures motion of the 
tissue relative to an ultrasound probe. Accordingly, it is 
difficult for the apparatus to detect a self-motionless 
suspended portion in a moving tissue. In addition, it is 
difficult for the apparatus to detect motion of a tissue in 
a direction perpendicular to an ultrasound beam. 
[0008] Japanese published unexamined patent 
application 1 0-5226 discloses an ultrasound apparatus 
for diagnosing the conditions of a tissue in a body. In the 
apparatus of Japanese application 10-5226, information 
is generated which represents the amplitude and the 
phase of an electric signal resulting from detection of 
ultrasound echoes. Then, the instantaneous position of 
an object is decided on the basis of the amplitude and 
phase information in a least-squares method. Accurate 
tracking on the object is implemented in response to the 
decided instantaneous position thereof. The accurate 
tracking makes it possible for the apparatus to correctly 
detect self-motion of a portion in a tissue which is being 
greatly moved by a heartbeat. 

[0009] The apparatus of Japanese application 9- 
313485 and the apparatus of Japanese application 10- 
5226 can detect only a component of the velocity of an 
object in a direction along the acoustic line of an ultra- 
sound beam. 

[0010] Some ultrasound diagnostic apparatuses for 
measuring a blood flow rate are equipped with arrange- 
ments which implement correction related to the angle 
between the direction of a blood vessel and the direction 
of the acoustic line of an ultrasound beam. This correc- 
tion method can not be applied to detection of the veloc- 
ity of an organ or a tissue which is moving in various 
directions. 

SUMMARY OF THE INVENTION 

[0011] It is an object of this invention to provide an 
ultrasound diagnostic apparatus which can measure the 
direction of motion of a tissue (or an organ) in a body, 
the velocity of the tissue, and the distance traveled by 
the tissue regardless of the angular difference between 
the direction of motion of the tissue and the direction of 
the acoustic line of an ultrasound beam. 
[0012] A first aspect of this invention provides an 
ultrasound diagnostic apparatus comprising transmit- 
ting means including an ultrasound probe for transmit- 
ting a ultrasound pulse beam from the ultrasound probe 
into a body; receiving means including the ultrasound 
probe for receiving an ultrasound echo beam caused in 
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the body, and converting the received ultrasound echo 
beam into a corresponding electric echo signal via the 
ultrasound probe; delay controlling means for control- 
ling an acoustic line direction of transmission and recep- 
tion of the ultrasound pulse beam and the ultrasound 
echo beam; phase detection means for subjecting the 
electric echo signal to phase detection to generate a 
phase-detection result signal; tissue velocity calculating 
means for calculating a velocity of a tissue in the body 
from the phase-detection result signal; and display 
means for indicating the calculated velocity of the tis- 
sue; wherein the delay controlling means comprises 
means for changing the acoustic line direction of trans- 
mission and reception of the ultrasound pulse beam and 
the ultrasound echo beam with respect to a same 
object. 

[0013] A second aspect of this invention is based 
on the first aspect thereof, and provides an ultrasound 
diagnostic apparatus wherein the ultrasound probe 
includes transducer elements, and further comprising 
means for selecting ones from among the transducer 
elements as active elements in response to a depth of a 
measured portion of the tissue from a surface of the 
body. 

[0014] A third aspect of this invention is based on 
the first aspect thereof, and provides an ultrasound 
diagnostic apparatus wherein the delay controlling 
means comprises means for changing the acoustic line 
direction of transmission and reception of the ultra- 
sound pulse beam and the ultrasound echo beam in 
response to a depth of a measured portion of the tissue 
from a surface of the body. 

[0015] A fourth aspect of this invention is based on 
the first aspect thereof, and provides an ultrasound 
diagnostic apparatus wherein the delay controlling 
means comprises means for changing the acoustic line 
direction of transmission and reception of the ultra- 
sound pulse beam and the ultrasound echo beam 
among a plurality of different directions with respect to 
the tissue, and the tissue velocity calculating means 
comprises means for calculating a velocity of the tissue 
In a direction perpendicular to a front surface of the 
ultrasound probe, a distance traveled by the tissue in 
the direction perpendicular to the front surface of the 
ultrasound probe, a velocity of the tissue in a direction 
parallel to the front surface of the ultrasound probe, and 
a distance traveled by the tissue in the direction parallel 
to the front surface of the ultrasound probe from the 
phase-detection result signal. 
[0016] A fifth aspect of this invention is based on 
the first aspect thereof, and provides an ultrasound 
diagnostic apparatus wherein the delay controlling 
means comprises means for changing the acoustic line 
direction of transmission and reception of the ultra- 
sound pulse beam and the ultrasound echo beam to 
scan arterial walls in the body, the tissue velocity calcu- 
lating means comprises means for calculating a velocity 
of the arterial walls in a direction of a normal, a distance 
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traveled by the arterial walls in the direction of the nor- 
mal, a velocity of the arterial walls in a direction of a tan- 
gent, and a distance traveled by the arterial walls in the 
direction of the tangent from the phase-detection result 

5 signal, and the display means comprises means for indi- 
cating the calculated velocity of the arterial walls in the 
direction of the normal, the calculated distance traveled 
by the arterial walls in the direction of the normal, the 
calculated velocity of the arterial walls in the direction of 

70 the tangent, and the calculated distance traveled by the 
arterial walls in the direction of the tangent as wave- 
forms. 

[0017] A sixth aspect of this invention is based on 
the fourth aspect thereof, and provides an ultrasound 

15 diagnostic apparatus wherein the display means com- 
prises means for indicating a B-mode image of the body, 
and means for indicating the calculated velocity of the 
tissue in the direction perpendicular to the front surface 
of the ultrasound probe, the calculated distance traveled 

20 by the tissue in the direction perpendicular to the front 
surface of the ultrasound probe, the calculated velocity 
of the tissue in the direction parallel to the front surface 
of the ultrasound probe, and the calculated distance 
traveled by the tissue in the direction parallel to the front 

25 surface of the ultrasound probe as two-dimensional 
color distributions superimposed over the B-mode 
image of the body. 

[0018] A seventh aspect of this invention is based 
on the fifth aspect thereof, and provides an ultrasound 
30 diagnostic apparatus wherein the display means com- 
prises means for indicating a B-mode image of the body, 
and means for indicating the calculated velocity of the 
arterial walls in the direction of the normal, the calcu- 
lated distance traveled by the arterial walls in the direc- 
ts tion of the normal, the calculated velocity of the arterial 
walls in the direction of the tangent, and the calculated 
distance traveled by the arterial walls in the direction of 
the tangent as two-dimensional color distributions 
superimposed over the B-mode image of the body. 
40 [0019] An eighth aspect of this invention is based 
on the sixth aspect thereof, and provides an ultrasound 
diagnostic apparatus wherein the display means com- 
prises means for indicating a blood pressure waveform 
and an electrocardiogram superimposed over the B- 
45 mode image of the body and the two-dimensional color 
distributions. 

[0020] A ninth aspect of this invention is based on 
the seventh aspect thereof, and provides an ultrasound 
diagnostic apparatus wherein the display means com- 
50 prises means for indicating a blood pressure waveform 
and an electrocardiogram superimposed over the B- 
mode image of the body and the two-dimensional color 
distributions. 

[0021] A tenth aspect of this invention provides an 
55 ultrasound diagnostic apparatus comprising first means 
for transmitting a first ultrasound pulse beam into a body 
toward an object within the body along a first direction; 
second means for receiving a first ultrasound echo 
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beam caused by reflection of the first ultrasound pulse 
beam at the object and coming from the object along the 
first direction; third means for transmitting a second 
ultrasound pulse beam into the body toward the object 
within the body along a second direction angularly dif- 
ferent from the first direction; fourth means for receiving 
a second ultrasound echo beam caused by reflection of 
the second ultrasound pulse beam at the object and 
coming from the object along the second direction; fifth 
means for calculating a velocity of the object along the 
first direction from the first ultrasound echo beam 
received by the second means; and sixth means for cal- 
culating a velocity of the object along the second direc- 
tion- from the second ultrasound echo beam received by 
the fourth means. 

[0022] An eleventh aspect of this invention is based 
on the tenth aspect thereof, and provides an ultrasound 
diagnostic apparatus wherein the first direction is per- 
pendicular to a surface of the body, and further compris- 
ing seventh means for calculating a velocity of the object 
along a third direction parallel to the surface of the body 
from the velocity calculated by the fifth means, the 
velocity calculated by the sixth means, and an angular 
difference between the first direction and the second 
direction. 

[0023] A twelfth aspect of this invention is based on 
the tenth aspect thereof, and provides an ultrasound 
diagnostic apparatus further comprising seventh means 
for calculating a direction of motion of the object from 
the velocity calculated by the fifth means, the velocity 
calculated by the sixth means, and an angular differ- 
ence between the first direction and the second direc- 
tion, and eighth means for calculating a velocity of the 
object along the calculated direction of motion of the 
object from the velocity calculated by the fifth means, 
the velocity calculated by the sixth means, and the 
angular difference between the first direction and the 
second direction. 

PRIEF DESCRIPTION OF THE PRAWINQS 
[0024] 

Fig. 1 is a block diagram of an ultrasound diagnostic 
apparatus according to an embodiment of this 
invention. 

Fig. 2 is a diagram of an ultrasound probe, acoustic 

line directions, and an object. 

Fig. 3 is a diagram of an ultrasound probe, acoustic 

line directions, and objects. 

Fig. 4 is a diagram of an ultrasound probe, acoustic 

line directions, and objects. 

Fig. 5 is a diagram of an ultrasound probe, acoustic 

fine directions, measurement points, and curved 

arterial walls. 

Fig. 6 is a diagram of an ultrasound probe, an 

object, and a color of indication of the object. 

Fig. 7 is a diagram of an ultrasound probe, meas- 



urement points, arterial walls, and colors of indica- 
tion of the measurement points. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

5 

[0025] Fig. 1 shows an ultrasound diagnostic appa- 
ratus according to an embodiment of this invention. The 
apparatus of Fig. 1 includes an ultrasound probe 1, a 
monitor (display) 12, and an apparatus body 13. The 

w ultrasound probe 1 and the monitor 1 2 are connected to 
the apparatus body 13. In addition, a blood pressure 
detector 1 5 and an electrocardiograph (ECG) 16 can be 
connected to the apparatus body 13. 
[0026] The apparatus body 13 includes a transmit- 

15 ting/receiving section 2, a delay controller 3, a memory 
4, a phase detector 5, a filter 6, a calculator 7, a memory 

8, a digital scan converter (DSC) 9, a display controller 
10, and a CPU 11. The transmitting/receiving section 2 
is connected to the ultrasound probe 1, the delay con- 

20 troller 3, and the CPU 1 1 . The delay controller 3 is con- 
nected to the memory 4, the phase detector 5, and the 
CPU 11. The memory 4 is connected to the CPU 11. 
The phase detector 5 is connected to the filter 6. The fil- 
ter 6 is connected to the calculator 7 and the CPU 11. 

25 The calculator 7 is connected to the memory 8, the DSC 

9, and the CPU 1 1 . The memory 8 is connected to the 
CPU 1 1 . The DSC 9 is connected to the display control- 
ler 10 and the CPU 1 1 . The display controller 10 is con- 
nected to the CPU 11 and the monitor 12. The blood 

30 pressure detector 1 5 and the ECG 1 6 can be connected 
to the display controller 10. 

[0027] The CPU 1 1 operates in accordance with a 
program stored in an internal memory or an external 
memory. According to the program, the CPU 1 1 controls 

35 the transmitting/receiving section 2, the delay controller 
3, the memory 4, the filter 6, the calculator 7, the mem- 
ory 8, the DSC 9, and the display controller 10. The 
CPU 1 1 can change operation of the apparatus among 
a plurality of different modes in response to user's 

40 request. 

[0028] As shown in Fig. 2, the ultrasound probe 1 
includes an array 14 of piezoelectric elements (electric- 
ultrasound transducer elements). The ultrasound probe 
1 is applied to the surface of a body to be examined. In 

45 this case, as shown in Fig. 2, the piezoelectric-element 
array 14 adjoins the body surface. The ultrasound probe 
1 has a flat front surface to be in contact with the body 
surface. The front surface of the ultrasound probe 1 
substantially coincides with a front surface of the piezo- 

so electric-element array 14. 

[0029] With reference back to Fig. 1 , the transmit- 
ting/receiving section 2 generates electric drive pulse 
signals for the piezoelectric elements in the ultrasound 
probe 1 according to the control by the CPU 11. The 

55 electric drive pulse signals have a given period. The 
transmitting/receiving section 2 feeds the electric drive 
pulse signals to the piezoelectric elements in the ultra- 
sonic probe 1 . The piezoelectric element array 14 in the 
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ultrasonic probe 1 converts the electric drive pulse sig- 
nals into a beam of corresponding ultrasound pulses, 
and emits the ultrasound pulse beam into a body to be 
examined. 

[0030] Under the control by the CPU 1 1 , the delay 
controllers adjusts delays of the electric drive pulse sig- 
nals applied to the piezoelectric elements in the ultra- 
sonic probe 1 from the transmitting/receiving section 2, 
thereby changing the direction of the acoustic line of the 
emitted ultrasound pulse beam. In other words, the 
delay controller 3 controls the transmitting directivity of 
the piezoelectric element array 14 in the ultrasound 
probe 1. Specifically, the memory 4 stores data for 
transmission delay control. The delay controller 3 reads 
the transmission delay control data from the memory 4, 
and controls the delays of the electric drive pulse sig- 
nals in accordance with the transmission delay control 
data. 

[0031] The transmission delay control data in the 
memory 4 correspond to preset different deflection 
angles of the acoustic line of the emitted ultrasound 
pulse beam. Thus, the acoustic line of the emitted ultra- 
sound pulse beam is changed among the preset deflec- 
tion angles. 

[0032] The emitted ultrasound pulse beam is 
reflected at various places within the body. The reflec- 
tion-resultant ultrasound pulse beams are ultrasound 
echo beams. Portions of the ultrasound echo beams 
return to the piezoelectric elements in the ultrasound 
probe 1. The piezoelectric elements convert the 
received portions of the ultrasound echo beams into 
corresponding electric echo signals. The ultrasound 
probe 1 outputs the electric echo signals to the transmit- 
ting/receiving section 2. 

[0033] The transmitting/receiving section 2 ampli- 
fies the electric echo signals. The transmitting/receiving 
section 2 outputs the amplification -resultant electric 
echo signals to the delay controller 3. 
[0034] Under the control by the CPU 11 , the delay 
controller 3 adjusts delays of the amplification-resultant 
electric echo signals, and adds or combines the delay- 
adjusted electric echo signals into a received echo sig- 
nal being a signal (a Doppler-shift signal) having a Dop- 
pler shift or a Doppler frequency. Thereby, the delay 
controller changes the direction of the acoustic line of 
an ultrasound echo beam most sensitively received. 
This action of the delay controller 3 is equivalent to con- 
trol of the receiving directivity of the piezoelectric ele- 
ment array 14 in the ultrasound probe 1 . Specifically, the 
memory 4 stores data for reception delay control. The 
delay controller 3 reads the reception delay control data 
from the memory 4, and controls the delays of the elec- 
tric echo signals in accordance with the reception delay 
control data. The delay controller 3 outputs the Doppler- 
shift signal to the phase detector 5. 
[0035] The reception delay control data in the mem- 
ory 4 correspond to the preset different deflection 
angles of the acoustic line of an ultrasound echo beam 



most sensitively received. Thus, the acoustic line of the 
ultrasound echo beam most sensitively received is 
changed among the preset deflection angles. 
[0036] The phase detector 5 subjects the Doppler- 

5 shift signal to phase detection regarding the Doppler 
shift (the Doppler frequency) relative to a reference sig- 
nal. The phase detection generates a real-part signal 
and an imaginary-part signal (a positive-polarity signal 
and a negative-polarity signal) in response to the Dop- 

w pier-shift signal. The phase detector 5 outputs the real- 
part signal and the imaginary-part signal to the filter 6. 
[0037] The real-part signal and the imaginary-part 
signal have desired echo components representing 
organ and tissue motions and also unwanted echo com- 

15 ponents representing blood flows and others. Under the 
control by the CPU 11, the filter 6 removes the 
unwanted echo components from the real-part signal 
and the imaginary- part signal while passing the desired 
echo components thereof. The filter 6 outputs the result- 

20 ant real-part signal and the resultant imaginary-part sig- 
nal to the calculator 7. 

[0038] Under the control by the CPU 1 1 , the calcu- 
lator 7 computes the velocity of an object such as an 
organ or a tissue in the body on the basis of the output 

25 signals from the filter 6. Thus, the velocity of the object 
is measured. The calculator 7 generates data (velocity 
data) representing the computed object velocity, that is, 
the measured object velocity. The calculator 7 outputs 
the velocity data to the DSC 9. 

30 [0039] Preferably, an ultrasound pulse beam is 
repetitively emitted in a same direction a plurality of 
times. In this case, a related ultrasound echo beam 
coming along the direction is repetitively received the 
plurality of times, and velocity data are generated the 

35 plurality of times. The calculator 7 stores each of the 
plural-time velocity data into the memory 8. The calcula- 
tor 7 reads the plural-time velocity data from the mem- 
ory 8. The calculator 7 averages the plural-time velocity 
data into mean velocity data. The calculator 7 outputs 

40 the mean velocity data to the DSC 9 instead of the non- 
average velocity data. 

[0040] The calculator 7 stores the velocity data (the 
non-average velocity data or the mean velocity data) 
into the memory 8 for later use as previous velocity 

45 data. The calculator 7 computes the distance traveled 
by the object on the basis of the present velocity data 
(the present non-average velocity data or the present 
mean velocity data) and the previous velocity data read 
out from the memory 8. The calculator 7 generates data 

so (traveled-distance data) representing the computed dis- 
tance traveled by the object. The calculator 7 outputs 
the traveled-distance data to the DSC 9. 
[0041] Under the control by the CPU 11, the DSC 9 
subjects the output data from the calculator 7 to scan 

55 conversion, and thereby converts the data into a video 
signal of a given format suited for indication on the mon- 
itor 12. The DSC 9 outputs the video signal to the dis- 
play controller 1 0. 
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[0042] In the case where the blood pressure detec- 
tor 1 5 and the ECG 1 6 are connected to the display con- 
troller 10, the blood pressure detector 15 and the ECG 
1 6 output signals to the display controller 1 0 which rep- 
resent a blood pressure waveform and an electrocardi- 
ogram respectively. Under the control by the CPU 1 1 , 
the display controller 10 converts the output signals of 
the blood pressure detector 15 and the ECG 16 into 
video signals of the given format suited for indication on 
the monitor 12. The display controller 10 superimposes 
these video signals on the video signal outputted from 
the DSC 9. The display controller 1 0 outputs the super- 
imposition-resultant video signal to the monitor 12. The 
monitor 12 visualizes and indicates the output signal of 
the display controller 10. Thus, the velocity of the object, 
the distance traveled by the object, the blood pressure 
waveform, and the electrocardiogram are displayed on 
the monitor 12. 

[0043] The ultrasound diagnostic apparatus imple- 
ments the measurement of the velocity of an object or 
the velocities of objects in one of first, second, third, 
fourth, and fifth methods mentioned hereinafter. 
[0044] According to the first measurement method, 
as shown in Fig. 2, a direction perpendicular to the front 
surface of the ultrasound probe 1 is defined as an V 
direction while a direction parallel to the front surface of 
the ultrasound probe 1 is defined as a "z" direction. The 
velocity of an object OB is measured by using emitted 
and received ultrasound beams in an acoustic line 
direction #1 equal to the V direction. The measured 
object velocity is denoted by Vx. The acoustic line of the 
direction #1 meets the object OB. In addition, the veloc- 
ity of the object OB is measured by using emitted and 
received ultrasound beams in an acoustic line direction 
#2 which deflects from the acoustic line direction #1 by 
a given angle 6. The measured object velocity is 
denoted by V*. The acoustic line of the direction #2 
meets the object OB. In the case where the object OB is 
moving only in the V direction, the measured object 
velocity V regarding the acoustic line direction #2 and 
the measured object velocity Vx regarding the acoustic 
line direction #1 are in the following relation. 

V = Vx*cose (1) 

On the other hand, in the case where the motion of the 
object OB has a nonzero w z n -direction component, the 
measured object velocities V and Vx are in the following 
relation. 

V >Vx-cos9 (2) 

For example, the calculator 7 decides which of the rela- 
tions (1) and (2) is satisfied. When the relation (1) is sat- 
isfied, It is determined that the object OB is moving only 
in the V direction. In this case, the measured object 
velocity Vx is used as an actual measured object veloc- 
ity. When the relation (2) is satisfied, it is determined 



that the direction of motion of the object OB has a 
nonzero "z" -direction component. In this case, the 
measured object velocity V is greater than the value 
"Vx^cosG" by a quantity which increases as the M z w - 

5 direction component of the object motion increases. 
The object velocity Vz in the "z" direction is estimated or 
calculated from the difference between the measured 
object velocity V and the value " Vx • cosO \ An actual 
measured object velocity (that is, a velocity of an object 

y 0 in a direction of motion thereof) V is calculated from the 
object velocity Vx and the object velocity Vz. In addition, 
an actual direction of motion of the object is calculated 
from the object velocity Vx and the object velocity Vz. 
According to the first measurement method, the velocity 

is of an object OB may be repetitively measured by using 
emitted and received ultrasound beams in three or more 
different acoustic line directions. 
[0045] According to the second measurement 
method, as shown in Fig. 3, the velocity of an object 

20 OB1 and the velocity of an object OB2 are measured by 
using emitted and received ultrasound beams in an 
acoustic line direction #1 equal to the "x" direction. The 
objects OB1 and OB2 align in the V direction. The 
acoustic line of the direction #1 meets the objects OB1 

25 and OB2. The position of the object OB1 is deeper than 
the position of the object OB2 with respect to the body 
surface. In addition, the velocity of the object OB1 is 
measured by using emitted and received ultrasound 
beams in an acoustic line direction #2 which deflects 

30 from the acoustic line direction #1 by a given angle 8. 
The acoustic line of the direction #2 meets the object 
OB1. Furthermore, the velocity of the object OB2 is 
measured by using emitted and received ultrasound 
beams in an acoustic line direction #2' parallel to and 

35 separate from the acoustic line direction #2. The acous- 
tic line of the direction #2" meets the object OB2. The 
acoustic line directions #2 and #2' are equal in deflec- 
tion angle relative to the acoustic line direction #1. An 
actual measured velocity of the object OB1, and an 

40 actual direction of motion of the object OB1 are calcu- 
lated as in the first measurement method. Similarly, an 
actual measured velocity of the object OB2, and an 
actual direction of motion of the object OB2 are calcu- 
lated as in the first measurement method. The emitted 

45 and received ultrasound beams in the acoustic line 
direction #2 or the acoustic line direction #2' are pro- 
vided by steps including a step of selecting piezoelectric 
elements from the piezoelectric-element array 14 as a 
group of actively-used piezoelectric elements. The 

50 replacement of the emitted and received ultrasound 
beams in the acoustic line direction #2 by those in the 
acoustic line direction #2' is implemented by shifting the 
group of actively- used piezoelectric elements relative to 
the piezoelectric-element array 14 while holding 

55 unchanged the signal delays related to the actively- 
used piezoelectric elements. According to the second 
measurement method, the velocities of three or more 
objects at different depths may be measured. 
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[0046] According to the third measurement method, 
as shown in Fig. 4, the velocity of an object OB1 and the 
velocity of an object OB2 are measured by using emit- 
ted and received ultrasound beams in an acoustic line 
direction #1 equal to the V direction. The objects OB1 
and OB2 align in the V direction. The acoustic line of 
the direction #1 meets the objects OB1 and OB2. The 
position of the object OB1 is deeper than the position of 
the object OB2 with respect to the body surface. In addi- 
tion, the velocity of the object OB1 is measured by using 
emitted and received ultrasound beams in an acoustic 
line direction #2 which deflects from the acoustic line 
direction #1 by a given angle G. The acoustic line of the 
direction #2 meets the object OB1. Furthermore, the 
velocity of the object OB2 is measured by using emitted 
and received ultrasound beams in an acoustic line 
direction #3 which deflects from the acoustic line direc- 
tion #1 by a given angle G' different from the given angle 
G. The acoustic line of the direction #3 meets the object 
OB2. An actual measured velocity of the object OB1, 
and an actual direction of motion of the object OB1 are 
calculated as in the first measurement method. Simi- 
larly, an actual measured velocity of the object OB2, and 
an actual direction of motion of the object OB2 are cal- 
culated as in the first measurement method. The emit- 
ted and received ultrasound beams in the acoustic line 
direction #2 or the acoustic line direction #3 are pro- 
vided by steps including a step of selecting piezoelectric 
elements from the piezoelectric-element array 14 as a 
group of actively-used piezoelectric elements. The 
replacement of the emitted and received ultrasound 
beams in the acoustic line direction #2 by those in the 
acoustic line direction #3 is implemented by controlling 
or changing the signal delays related to the actively- 
used piezoelectric elements without changing the selec- 
tion of the actively-used piezoelectric elements. Accord- 
ing to the third measurement method, the velocities of 
three or more objects at different depths may be meas- 
ured. 

[0047] The fourth measurement method is similar to 
one of the first, second, and third measurement meth- 
ods except for design changes mentioned hereinafter. 
With reference to Fig. 2, the previously-mentioned rela- 
tion (2) is changed into a general equation as follows. 

V = (Vx+A)«cosG (3) 

where "A" denotes a value defined along the V direc- 
tion (the acoustic line direction #1) and related to a "z"- 
direction component of the motion of the object OB. The 
value M A W is different from 0 when a nonzero ^"-direc- 
tion component is present in the motion of the object 
OB. The value "A" is equal to 0 when a nonzero B z w - 
direction component is absent from the motion of the 
object OB. The equation (3) is changed into the follow- 
ing equations. 

Vx + A = V7cosG (4) 



A = (VVcosG)-Vx (5) 

As shown in Fig. 2, the value "A", the angle G, and the 
object velocity Vz in the "z" direction are in the following 
5 relation. 

A = Vz • tanG (6) 

Combining the equation (5) and the relation (6) results 
10 in an equation as follows. 

Vz = (1/sinG) • (V - Vx • cosG) (7) 

The object velocity Vz in the "z" direction is calculated 
15 from the measured object velocities Vx and V, and the 
angle G by using the equation (7). An actual measured 
object velocity V is calculated from the V-direction 
object velocity Vx and the °z" -direction object velocity 
Vz in accordance with the following equation. 

20 

V = (Vx 2 + Vz 2 ) 1 ' 2 (8) 

The angle Gv of the direction of motion of the object OB 
relative to the front surface of the ultrasound probe 1 is 
25 calculated from the V-direction object velocity Vx and 
the V-direction object velocity Vz by using an equation 
as follows. 

Gv = tan" 1 (Vz/Vx) (9) 

30 

It should be noted that the object velocity Vx regarding 
the acoustic line direction #1 and the object velocity V 
regarding the acoustic line direction #2 may be detected 
by an FFT Doppler technique. The body to be examined 
35 may be scanned by an ultrasound beam to spatially 
detect the rate and direction of motion. 
[0048] The fifth measurement method is similar to 
one of the first, second, third, and fourth measurement 
methods except for design changes mentioned herein- 
40 after. The fifth measurement method is suited for detec- 
tion of motion parameters of arterial walls which curve 
relative to the surface of the body, that is, the front sur- 
face of the ultrasound probe 1. According to the fifth 
measurement method, a B-mode image (a sectional 
45 image) of the body is indicated on the monitor 12. With 
reference to Fig. 5, an image of arterial walls in the B- 
mode image of the body is traced, and spaced meas- 
urement points P1 , P2, and P3 are defined on the image 
of the arterial walls. Transmission delay control data for 
so enabling the ultrasound pulse beams to hit the meas- 
urement points P1, P2, and P3 are individually calcu- 
lated. For each of the measurement points P1 , P2, and 
P3, the calculated transmission delay control data cor- 
respond to ultrasound pulse beams in two different 
55 acoustic line directions. Reception delay control data for 
sensitively catching the ultrasound echo beams coming 
from the measurement points P1 , P2, and P3 are indi- 
vidually calculated. The calculated transmission delay 
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control data and the calculated reception delay control 
data are stored in the memory 4. The delay controller 3 
reads the transmission delay control data from the 
memory 4, and controls the delays of the electric drive 
pulse signals in accordance with the transmission delay 5 
control data. Thus, the measurement points P1 , P2, and 
P3 are sequentially hit by the ultrasound pulse beams. 
The delay controller 3 reads the reception delay control 
data from the memory 4, and controls the delays of the 
electric echo signals in accordance with the reception 
delay control data. Thus, the ultrasound echo beams 
coming from the measurement points P1 , P2, and P3 
are sequentially received. Velocities of each of the 
measurement points P1, P2, and P3 regarding two dif- 
ferent acoustic line directions are measured as in the 
fourth measurement method. The measured velocities 
of the measurement points P1 , P2, and P3 are indicated 
on the monitor 12 as a waveform. Thereby, it is possible 
to easily grasp motion of the arterial walls along the 
direction of a normal and also motion thereof along the 
direction of a tangent. Furthermore, the velocity of each 
of the measurement points P1, P2, and P3 along the 
direction of a normal and the velocity thereof along the 
direction of a tangent may be calculated. In this case, 
the calculated velocities of the measurement points P1 , 
P2, and P3 are indicated on the monitor 12. 
[0049] The ultrasound diagnostic apparatus imple- 
ments the indication of the measurement results on the 
monitor 12 in one of first, second, third, and fourth meth- 
ods mentioned hereinafter. 

[0050] The first indication method is applied to the 
measurement results provided in the fourth measure- 
ment method. Specifically, the velocity of a tissue (or an 
organ) in the body along a direction perpendicular to the 
front surface of the ultrasound probe 1, and also the 
velocity of the tissue (or the organ) along a direction 
parallel to the front surface of the ultrasound probe 1 are 
two-dimension ally measured in the fourth measurement 
method while the body is scanned by the ultrasound 
pulse beam. The measurement results are indicated on 
the monitor 12 as a color distribution superimposed 
over the B-mode image of the body. In addition, the dis- 
tance traveled by the tissue (or the organ) along the 
direction perpendicular to the front surface of the ultra- 
sound probe 1 , and also the distance traveled by the tis- 
sue (or the organ) along the direction parallel to the front 
surface of the ultrasound probe 1 are calculated while 
the body is scanned by the ultrasound pulse beam. The 
calculation results are indicated on the monitor 12 as a 
color distribution superimposed over the B-mode image 
of the body. Thereby, it is possible to easily grasp motion 
of a local place in the tissue (or the organ). According to 
the first indication method, as shown in Fig. 6, an object 
is indicated by a red region when the object is moving 
toward the ultrasound probe 1. The tone of the red is 
increased as the measured velocity of the object rises. 
An object is indicated by a blue region when the object 
is moving away from the ultrasound probe 1 . The tone of 



the blue is increased as the measured velocity of the 
object rises. An object is indicated by a green region 
when the object is moving in one direction (for example, 
the rightward direction as viewed in Fig. 6) parallel to 
the front surface of the ultrasound probe 1 . The tone of 
the green is increased as the measured velocity of the 
object rises. An object is indicated by a yellow region 
when the object is moving in the other direction (for 
example, the leftward direction as viewed in Fig. 6) par- 
allel to the front surface of the ultrasound probe 1 . The 
tone of the yellow is increased as the measured velocity 
of the object rises. When an object is moving in a direc- 
tion intermediate between the upward direction and the 
rightward direction as viewed in Fig. 6, the object is indi- 
cated by a region having a color intermediate between 
red and green. It should be noted that red, blue, green, 
and yellow may be replaced by other colors. Used 
colors may be freely selected by a user. 
[0051] The second indication method is applied to 
the measurement results provided in the fifth measure- 
ment method. According to the second indication 
method, the velocity of arterial walls along the direction 
of a normal and also the velocity thereof along the direc- 
tion of a tangent are indicated on the monitor 12 as two- 
dimensional color distributions superimposed over the 
B-mode image of the body. In addition, the distance 
traveled by the arterial walls along the direction of the 
normal and also the distance traveled thereby along the 
direction of the tangent are indicated on the monitor 12 
as two-dimensional color distributions superimposed 
over the B-mode image of the body. Thereby, it is possi- 
ble to easily grasp motion of the arterial walls which is 
caused by a heartbeat. As shown in Fig. 7, each meas- 
urement point (P1, P2, or P3) on the arterial walls is 
indicated by a red region when the measurement point 
is moving in a radially inward direction (one direction of 
a normal). The tone of the red is increased as the veloc- 
ity of the measurement point rises. Each measurement 
point (P1 , P2, or P3) on the arterial walls is indicated by 
a blue region when the measurement point is moving in 
a radially outward direction (the other direction of the 
normal). The tone of the blue is increased as the veloc- 
ity of the measurement point rises. Each measurement 
point (P1 , P2, or P3) on the arterial walls is indicated by 
a green region when the measurement point is moving 
in one axial direction (one direction of a tangent). The 
tone of the green is increased as the velocity of the 
measurement point rises. Each measurement point (P1 , 
P2, or P3) on the arterial walls is indicated by a yellow 
region when the measurement point is moving in the 
other axial direction (the other direction of the tangent). 
The tone of the yellow is increased as the velocity of the 
measurement point rises. It should be noted that red, 
blue, green, and yellow may be replaced by other 
colors. Used colors may be freely selected by a user. 
[0052] The third indication method is similar to the 
first indication method (or the second indication 
method) except for design changes mentioned hereinaf- 
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ter. According to the third indication method, the blood 
pressure waveform and the electrocardiogram are dis- 
played on the monitor 12 while being superimposed 
over the B-mode image of the body and the two-dimen- 
sional color distributions of the velocity of a tissue (or an 
organ) and the distance traveled by the tissue (or the 
organ). The superimposition is on a real-time basis. 
Thereby, it is possible to easily grasp motion of the tis- 
sue (or the organ) which is caused by a heartbeat. 
[0053] The fourth indication method is similar to the 
second indication method (or the first indication 
method) except for design changes mentioned hereinaf- 
ter. According to the fourth indication method, the blood 
pressure waveform and the electrocardiogram are dis- 
played on the monitor 12 while being superimposed 
over the B-mode image of the body and the two-dimen- 
sional color distributions of the velocities of measure- 
ment points on arterial walls along the direction of a 
normal, the velocities of the measurement points along 
the direction of a tangent, the distances traveled by the 
measurement points along the direction of the normal, 
and the distances traveled by the measurement points 
along the direction of the tangent. The superimposition 
is on a real-time basis. Thereby, it is possible to easily 
grasp heartbeat-caused motion of the arterial walls 
along the direction of the normal and also heartbeat- 
caused motion thereof along the direction of the tan- 
gent. 

Claims 

1 . An ultrasound diagnostic apparatus comprising: 

transmitting means including an ultrasound 
probe for transmitting a ultrasound pulse beam 
from the ultrasound probe into a body; 
receiving means including the ultrasound 
probe for receiving an ultrasound echo beam 
caused in the body, and converting the 
received ultrasound echo beam into a corre- 
sponding electric echo signal via the ultra- 
sound probe; 

delay controlling means for controlling an 
acoustic line direction of transmission and 
reception of the ultrasound pulse beam and the 
ultrasound echo beam; 

phase detection means for subjecting the elec- 
tric echo signal to phase detection to generate 
a phase-detection result signal; 
tissue velocity calculating means for calculating 
a velocity of a tissue in the body from the 
phase-detection result signal; and 
display means for indicating the calculated 
velocity of the tissue; 

wherein the delay controlling means comprises 
means for changing the acoustic line direction 
of transmission and reception of the ultrasound 
pulse beam and the ultrasound echo beam with 



respect to a same object. 

2. An ultrasound diagnostic apparatus as recited in 
claim 1, wherein the ultrasound probe includes 

5 transducer elements, and further comprising 
means for selecting ones from among the trans- 
ducer elements as active elements in response to a 
depth of a measured portion of the tissue from a 
surface of the body. 

w 

3. An ultrasound diagnostic apparatus as recited in 
claim 1 , wherein the delay controlling means com- 
prises means for changing the acoustic line direc- 
tion of transmission and reception of the ultrasound 

15 pulse beam and the ultrasound echo beam in 
response to a depth of a measured portion of the 
tissue from a surface of the body. 

4. An ultrasound diagnostic apparatus as recited in 
20 claim 1 , wherein the delay controlling means com- 
prises means for changing the acoustic line direc- 
tion of transmission and reception of the ultrasound 
pulse beam and the ultrasound echo beam among 
a plurality of different directions with respect to the 

25 tissue, and the tissue velocity calculating means 
comprises means for calculating a velocity of the 
tissue in a direction perpendicular to a front surface 
of the ultrasound probe, a distance traveled by the 
tissue in the direction perpendicular to the front sur- 

30 face of the ultrasound probe, a velocity of the tissue 
in a direction parallel to the front surface of the ultra- 
sound probe, and a distance traveled by the tissue 
in the direction parallel to the front surface of the 
ultrasound probe from the phase-detection result 

35 signal. 

5. An ultrasound diagnostic apparatus as recited in 
claim 1, wherein the delay controlling means com- 
prises means for changing the acoustic line direc- 

40 tion of transmission and reception of the ultrasound 
pulse beam and the ultrasound echo beam to scan 
arterial walls in the body, the tissue velocity calcu- 
lating means comprises means for calculating a 
velocity of the arterial walls in a direction of a nor- 

45 mal, a distance traveled by the arterial walls in the 
direction of the normal, a velocity of the arterial 
walls in a direction of a tangent, and a distance 
traveled by the arterial walls in the direction of the 
tangent from the phase-detection result signal, and 

so the display means comprises means for indicating 
the calculated velocity of the arterial walls in the 
direction of the normal, the calculated distance 
traveled by the arterial walls in the direction of the 
normal, the calculated velocity of the arterial walls 

55 in the direction of the tangent, and the calculated 
distance traveled by the arterial walls in the direc- 
tion of the tangent as waveforms. 
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6. An ultrasound diagnostic apparatus as recited in 
claim 4, wherein the display means comprises 
means for indicating a B-mode image of the body, 
and means for indicating the calculated velocity of 
the tissue in the direction perpendicular to the front 5 
surface of the ultrasound probe, the calculated dis- 
tance traveled by the tissue in the direction perpen- 
dicular to the front surface of the ultrasound probe, 
the calculated velocity of the tissue in the direction 
parallel to the front surface of the ultrasound probe, 10 
and the calculated distance traveled by the tissue in 

the direction parallel to the front surface of the ultra- 
sound probe as two-dimensional color distributions 
superimposed over the B-mode image of the body. 

15 

7. An ultrasound diagnostic apparatus as recited in 
.claim 5, wherein the display means comprises 
means for indicating a B-mode image of the body, 
and means for indicating the calculated velocity of 

the arterial walls in the direction of the normal, the 20 
calculated distance traveled by the arterial walls in 
the direction of the normal, the calculated velocity 
of the arterial walls in the direction of the tangent, 
and the calculated distance traveled by the arterial 
walls in the direction of the tangent as two-dimen- 25 
sional color distributions superimposed over the B- 
mode image of the body. 

8. An ultrasound diagnostic apparatus as recited in 
claim 6, wherein the display means comprises 30 
means for indicating a blood pressure waveform 
and an electrocardiogram superimposed over the 
B-mode image of the body and the two-dimensional 
color distributions. 

35 

9. An ultrasound diagnostic apparatus as recited in 
claim 7, wherein the display means comprises 
means for indicating a blood pressure waveform 
and an electrocardiogram superimposed over the 
B-mode image of the body and the two-dimensional 40 
color distributions. 



ing from the object along the second direction; 
fifth means for calculating a velocity of the 
object along the first direction from the first 
ultrasound echo beam received by the second 
means; and 

sixth means for calculating a velocity of the 
object along the second direction from the sec- 
ond ultrasound echo beam received by the 
fourth means. 

11. An ultrasound diagnostic apparatus as recited in 
claim 1 0, wherein the first direction is perpendicular 
to a surface of the body, and further comprising sev- 
enth means for calculating a velocity of the object 
along a third direction parallel to the surface of the 
body from the velocity calculated by the fifth means, 
the velocity calculated by the sixth means, and an 
angular difference between the first direction and 
the second direction. 

12. An ultrasound diagnostic apparatus as recited in 
claim 1 0, further comprising seventh means for cal- 
culating a direction of motion of the object from the 
velocity calculated by the fifth means, the velocity 
calculated by the sixth means, and an angular dif- 
ference between the first direction and the second 
direction, and eighth means for calculating a veloc- 
ity of the object along the calculated direction of 
motion of the object from the velocity calculated by 
the fifth means, the velocity calculated by the sixth 
means, and the angular difference between the first 
direction and the second direction. 
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10. An ultrasound diagnostic apparatus comprising: 

first means for transmitting a first ultrasound 45 
pulse beam into a body toward an object within 
the body along a first direction; 
second means for receiving a first ultrasound 
echo beam caused by reflection of the first 
ultrasound pulse beam at the object and com- so 
ing from the object along the first direction; 
third means for transmitting a second ultra- 
sound pulse beam into the body toward the 
object within the body along a second direction 
angularly different from the first direction; 55 
fourth means for receiving a second ultrasound 
echo beam caused by reflection of the second 
ultrasound pulse beam at the object and com- 
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(54) Ultrasound diagnostic apparatus 

(57) An ultrasound diagnostic apparatus includes a 
transmitting device having an ultrasound probe. The 
transmitting device operates for transmitting a ultra- 
sound pulse beam from the ultrasound probe into a 
body. A receiving device includes the ultrasound probe. 
The receiving device operates for receiving an ultra- 
sound echo beam caused in the body, and converting 
the received ultrasound echo beam into a correspond- 
ing electric echo signal via the ultrasound probe. A delay 
controlling device is operative for controlling an acoustic 
line direction of transmission and reception of the ultra- 
sound pulse beam and the ultrasound echo beam. A 
phase detection device is operative for subjecting the 
electric echo signal to phase detection to generate a 
phase-detection result signal. A tissue velocity calculat- 
ing device operates for calculating a velocity of a tissue 
in the body from the phase-detection result signal. A dis- 
play device is operative for indicating the calculated ve- 
locity of the tissue. The delay controlling device is oper- 
ative for changing the acoustic line direction of transmis- 
sion and reception of the ultrasound pulse beam and the 
ultrasound echo beam with respect to a same object. 



FIG. 2 



BODY 
SURFACE 




Printed by Jouve, 75001 PARIS (FR) 



EP 1 079 242 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 11 3591 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCI.7) 



Y 
X 



US 5 910 119 A (LIN GREGORY SHARAT) 
8 June 1999 (1999-06-08) 

* column 3, line 13 - column 6, line 67; 
figures 1-6,9 * 

* column 8, line 23 - line 33 * 



US 4 972 838 A (YAMAZAKI N0BU0) 
27 November 1990 (1990-11-27) 

* column 4, line 21 - column 6, line 42; 
figures 1-3,8-10 * 

US 5 615 680 A (SAN0 AKIHIR0) 
1 April 1997 (1997-04-01) 

* column 5, line 14 - column 9, line 54; 
figure 4 * 

US 5 551 434 A (IINUMA KAZUHIR0) 
3 September 1996 (1996-09-03) 

* column 12, line 61 - column 13, line 29 
★ 

EP 0 311 431 A (ABBEY BI0SYSTEMS LTD) 
12 April 1989 (1989-04-12) 

* column 1, line 53 - line 56 * 



The present search report has been drawn up for all claims 



1-7, 
10-12 



8,9 

1-5, 
10-12 



1-7, 
10-12 



8,9 



6,7 



G01S15/58 

A61B8/08 

601S15/89 



TECHNICAL FIELDS 
6EARCKE0 (lnt.CI.7) 



G01S 
A61B 



MUNICH 



Date of completion of the search 

29 October 2003 



Examiner 

Kaleve, A 



CATEGORY OF CfTED DOCUMENTS 



X : particuMy relevant if taken a 
Y : particularly relevant if combined with another 

document of the some oategory 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the fifing date 
D : document cited in the application 
L : document ©Red for other reasons 

& : mernber of the same patent family, corresponding 
document 



BEST AVAILABLE COPY 



EP 1 079 242 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 0O 11 3591 



This annex lists the patent family members relating to the patent documents cited In the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

29-10-2003 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(e) 



Publication 



US 5910119 


A 


08-06-1999 


EP 


0957374 A2 


17-11-1999 








JP 


2000201931 A 


25-07-2000 


US 4972838 


A 


27-11-1990 


JP 


2126836 A 


15-05-1990 






OP 


2772048 B2 


02-07-1998 








KR 


9604973 Bl 


18-04-1996 


US 5615680 


A 


01-04-1997 


JP 


8084729 A 


02-04-1996 


US 5551434 


A 


03-09-1996 


JP 


3437642 B2 


18-08-2003 








JP 


8000618 A 


09-01-1996 








JP 


8066399 A 


12-03-1996 


EP 0311431 


A 


12-04-1989 


AT 


77040 T 


15-06-1992 








DE 


3871897 Dl 


16-07-1992 








DE 


3871897 T2 


10-12-1992 








EP 


0311431 Al 


12-04-1989 








JP 


1847056 C 


07-06-1994 








JP 


2001249 A 


05-01-1990 








JP 


5056905 B 


20-08-1993 








US 


5022410 A 


11-06-1991 








US 


5105815 A 


21-04-1992 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



